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� FOCUS Experiment
� D+, Ds 

→ π+ π- π+ K-Matrix analysis
� D0 → K0K0

� D → 4 / 5 / 6 body decays
� Excited charm meson
� Conclusions
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~100 Physicists, 18 institutes from 5 countries
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At Fermilab
γ γ BeO    charm

γ

� Segmented target

� Silicon vertexing 

� MWPC tracking

~175 GeV

� Cenenkov ID

� EM/hadronic Calorimeter

� Muon detectors 
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→→→→→→→→ ππππππππ ππππππππ ππππππππ
� Motivation

� Charm Dalitz plot gives probes of charm decay 
mechanism and charm CP violation. 

� However, isobar model has problems when adding broad 
Breit-Wigner signals due to violation of unitarity.

� Unitarity can be achieved from K-matrix formalism.
� FOCUS analysis fits with K-matrix rather than isobar model.

� Can deal with overlapping scalar states with large widths.
� Anisovich & Sarantsev parameterize S-wave isoscalar 

scattering up to 1.9 GeV/c2. Eur.Phys.J.A16 (2003) 229

� Consider 5 virtual states:  
� Find 5 IJPC = 00++ resonance: f0(980), f0(1300), f0(1500), 

f0(1750), f0(1200-1600)
� Using this parameterization and adding in vector and 

tensor particles, we can fit the D+, Ds
→ π+ π- π+ Dalitz plot.

,,,4,, ηηηηπππ KK
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Observe:

•f0(980)  

•f2(1270)

•f0(1500)     

Sideband
Signal

Yield Ds
+ = 1475 ±50

S/N Ds
+ = 3.41

Several broad and overlapping resonance states

Yield DYield D++ = 1527 = 1527 ±±5151

S/N  DS/N  D++ = 3.64= 3.64
sD π π π+ + + −→
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C.L  fit 3 %

sD π π π+ + − +→

Low mass projection High mass projection 

± ± ± ±

+

+
2
0 +

(S - wave)� 87.04 ± 5.60 ± 4.17 0(fixed)  
f (1275)� 9.74 4.49 2.63 168.0 18.7 2.5
� (1450)� 6.56 ± 3.43 ± 3.31 234.9 ± 19.5 ± 13.3

decay channel phase (deg)fit fractions (%)

→→→→→→→→ ππππππππ ππππππππ ππππππππ

• We can fit it using  K- matrix known from scattering data (A&S).

• The K-matrix approach has been applied to charm decays for the first time. 
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2
lowm

2
highm

C.L fit 7.7 %Low mass projection High mass projection

18 11.7± ± ± ±

+

+
2

0 +

(S - wave)� 56.00 ± 3.24 ± 2.08 0(fixed)  
f (1275)� 11.74 1.90 0.23 -47.5 .7
� (770)� 30.82 ± 3.14 ± 2.29 -139.4 ± 16.5 ± 9.9

decay channel phase (deg)fit fractions (%)

� For Ds
+ and D+ , the S-wave decay amplitude is  dominated by an intial          

production of  
� Dipion production is always much smaller.
� For D+ ,  the ssbar contribution competes with a ddbar contribution.
� This interpretation also bears on the role of the annihilation diagram in the

Ds
+ → π+π−π+ decay.

→→→→→→→→ ππππππππ ππππππππ ππππππππ

PLB585 (2004)200-212
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→→→→→→→→

Mass = 1.868±0.002 GeV/c2

σ =12.72 MeV/c2

%30.062.1
)(

)(
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000

±=
→Γ
→Γ

−+ππKD
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101±19Preliminary
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� Discovery of 

�� ���� �� �� ���� �� →→→→→→→→ KsKsKππππππππ mode
� Br(

�� ���� �� �� ���� �� →→→→→→→→

�� ���� �� �� ���� �� �� ���� �� �� ���� �� �� ���� ��
±±±±±±±±ππππππππ

� � � � ! "# $� � � � ! "# $� � � � ! "# $� � � � ! "# $� � � � ! "# $� � � � ! "# $� � � � ! "# $� � � � ! "# $ %% %%%% %% && &&&& &&' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . �' ( )+* ,- . /0 , . )' 1 . � �� ���� ��

→→→→→→→→

�� ���� ��22 2222 22 �� ���� ��%% %%%% %% �� ���� �� �� ���� ��

ππππππππ

�� ���� �� �� ���� ��

Mass = 1.8660±0.0011 GeV/ c2

σ = 5.0 MeV/c2
Mass = 1.8648±0.0011 GeV/ c2

σ = 6.5 MeV/c2

3 4657 8 96: ;7 < 5 : =: > 8
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→→→→→→→→ ππππππππ

PLB575 (2003)190-197

%024.0034.0257.0
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)(

0

0

±±=
→Γ
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++−−

++−−

πππ
π

KD
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+−++−+ → ππππKD

+−++−+ → πππππD

+−++−+ → πππππsD

+−++−+ → πππKKD

+−++−+ → πππKKsD

C OP Q RS TF G GH U F F QWV F H F

3 4657 8 96: ;7 < 5 : =: > 8



�� �� �� � � � �� � �	 �
 �� 
 � � � � � � �
 ��  �� � � � � � �

C OP Q RS TF G GH U F F QWV F H F
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C OP Q X R TF G GY U S M S V S M Z
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3 4657 8 96: ;7 < 5 : =: > 8

−−++ → ���KsKsD 00
s
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−+−++−→ πππππK0D −+−+−+→ ππππππ0D

48.047.093.1
)(
)(

0

0

±±=
→Γ
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−+−++−
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πππππ
ππππππ

KD
D

C OP Q X R TF G GY U F S V F R

3 4657 8 96: ;7 < 5 : =: > 8

)958('D 0 ηπ +−→ K

� 6 body branching ratio is small compared to 4 body decays.

� Cabibbo suppressed branching ratio is larger than Cabibbo favored? 

%038.0058.0270.0
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0
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πππ
πππππ
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� L=1 between c and light quark (u,d)
Jq = sq + L 

� HQET: approximately good
� Denote: D0*, D1(Jq=1/2), D1(Jq=3/2) and D2*

� L=1 charm meson were reconstructed via D+π- & D0π+

�

�

→ tπ u

, 

�

→ tπ u

π tπ u
�

u → u

π tπ u

� D2
*+, D2

*0 → Dπ± measurements 
� An evidence for D0* contributions
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Evidence Measurement
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� Photo production gives 
significant number of 
events with low multiplicity.

� Process types are:
�  γN →

D j

π

g p v

�

D j

→

wyx π g

�

D j

→

wyx π gπx π g

�  γN →

D g

πx p v
�

D g→ w g

πx π g

z: = @ f: ; > d D j \ ; > B 4 B ; 8: e 4 8 ] D{ | H

σ KT ?b : ; > <A D j

π

g U

D j

→

wyx π g D j
→

wyx π gπx π g

D g→ w g

πx π g D{ →

� �

π

2

F S G k F G G k

S F Q k
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*
2D*

2  D
1D

� !"#$ Fit improves 
dramatically with 
inclusion of a broad 
S-wave state.

0

1D '
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ππππππππ ππππππππ

� Signals are fit with relativistic Breit-Wigner ⊕ experimental 
resolution. 

� Background is exponential + roll-over: 
� Studied a large number of backgrounds

� Wrong sign, D sidebands and simulations
� All are consistent with single exponential background.

� S-wave contributions is needed for an acceptable fit. Many 
other systematic studies on fitting method shows significance 
of S-wave.

dbxa cxe )( −+
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ππππππππ ππππππππ

34.1 ± 6.5 ± 4.2
25+8

-7

38.7 ± 5.3 ± 2.9
23 ± 5
45.6 ± 8.0

Width
PDG03
Belle03

3.1 ± 1.9 ± 0.9
0.0 ± 3.3

2467.6 ± 1.5 ± 0.8
2459 ± 4

2464.5 ± 1.1 ± 1.9
2458.9 ± 2.0
2461.6 ± 3.9

Mass
PDG03
Belle03

3434 ± 670 ± 6565776±869 ± 696Yield

D2* ± D2*0D2*+D2*0

283 ± 24 ± 34240 ± 55 ± 59
276 ± 66

Width
Belle03

2403 ± 14 ± 352407 ± 21 ± 35
2308 ± 36

Mass
Belle03

18754 ± 21899810 ± 2657Yield

“D0
*+ (

`�� �½)” or D1
+ (

`�� �½)”“D*0 (

`�� �½)” or D1
0 (
`�� � ½)”

•
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� Charm physics gives a rich source of new results.
� FOCUS is playing a major role in understanding the 

charm hadronic decays.
� For the first time the K-matrix approach has been applied   

to charm decays.
� Discovery of new multibody final states
� New precise measurement of D2

*+ and D2 
0

� Evidence for broad D0
*0 and D0

*+ (First evidence in D0π+)
� FOCUS is continuing studies of charm hadronic 

decays.
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Another DsJ* (2317) confirmation!
31±7

* *
1s sD D K+ +→

Ds
+(�K-K+π+) π0


